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= i2j„ i3.p) G r„ (44) 

*#;t^o /cffb. p = 0. 1, 2. • • n-e*^o ^^^r , 

{«P» 4> = (45) 



10 



25 



_ f 1 when |rp - r,| = 1 ^^j^ 
W ~ \ 0 otherwise 



15 ^N^;i/h^T> *H <7)@W^^;l-4^-il: £« . ^ I m> 

i:»< 

■e^^o/i/cL. m=0, 1, 2. ••-.n-e^'So 

20 1 (ci^j:^ J; -9 (3^*&<fr'i>o 0 . 

= Cj- - Cj-i (49) 

t-t^o tzfzV^ j = l, 2, • • nt\^tzt^^ 



uJ=lf;co. (50) 



2 3 



wo 01/91201 



PCT/JPOl/04252 



£0 = 0 



(51) 

(52) 



(53) 



^©^t^M^;^ (the density of states) 

1 n+l 

10 A»(e) = ;^E*(<^-0 (54) 

■e^»$n. -frO^m^ (the staircase function) 

A(c) = r d»7 /»(r7) (55) 

«/— CO 

15 

^tf^-r-So f#^nfc staircase functionti. unfolding ti^^o^^ 

misimmm^mm^^p (s) ^^-y vi:p«-^s^<DA3 ^th«^ 

20 tf^-T'So ( (36) L.E.Reich I, The transition to chaos: in 

conservative classical systems: quantum mani festations (Springer, 
New York. 1992) (37) F. Haake, Quantum Signatures of chaos. (Spring 
er-Verlag. 1991)){c:^-S cfc {3, zti (DBsYM^ ^ ^ tx^ M 



2 4 
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isson ^^(Dii(D 

Pp{s) = e-* 



10 



(56) 

15 (57) 



^3(n) = ~ 



vr2 



log(27rn)+7-^-5j+0(n-') (59) 



dC-ePtff-r-I.St^^^ ^ n = l 0 0 0 0 O^SH 

m^J^ *) W ihtlfz i> (D-e^} ^ (DX*^ Z<Dm.^mi^itn+ 1 = 10 0 0 

1 m(Dmm^mtf^^^o z<otpx*^ mm^mib^^ 5 0 1 #g jt 020 
15 0 is@^t?<^. 1 s 0 i^mi^m-r^^^)v^-m^m^ h ti::^ 
&,T(Dm'?m&mwY&^iYMvfzo mi Qm^^t^mi imiz (a, 

at ) = (0, 2) c;DMJ|:^7^^^;Ui^^^*:{3*5lt'&fi^mfi[^tf-<^ 

TTs-to mi emxitp (s) mi imxitAz mwYm^^i^tzo 
T 1 =10000 oit-a-. mjt\>ta = 0 (Dmmy^ ^ ^jvtm—x^ 

20 0 . -7^ ^ ^;u?^7C*^' 3 (D,~2. 9 1 ) (c:^av^OT% miiM^:i& 

tU^X\,^4>o —15. r , = 0 (Dm^. m^^lta= 2 7 ^ ^ 

Jltm—X^i)^ ^ ^ )V}X7Li)< 2 (Df ~2. 16) 

mf^m^^.t {.xu^ndo -e ltt , 0 76^^ 1 0 0 0 0 ^mtu 

25 LX'<7< izm^. Poisson 5>^36^^>GOE^^^^:^{bbT^,^^o ti£ 
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±i5^^J{i. a = 0 i: a = 2 ©^#-r-?>M^7^ ^ ^ )\^m^M^X-^ -:> 
fzo —15. a= 1 C>mnv=7 ^ ^ )VliK7t (Df ~ 

2.45) ^iSt?*) 0 > 3©a = 1 ©#167^ ^ ^;l/$r/M^Ta = 0 
5 (D«^;?7^X^.i: a = 2 (DRj^^^. i: ^ronc C:i i ^j-e^-Bo Bl 8 
|il*5<fct;^ 1 9 (a , . a « ) = ( 0 . 1 ) oMt>t77 ^ 
it#:lc:*5tt^*?^ii&|^ft^^-ro ^2 0 gI:J3 J:r>'B-2 1 0{3 (a, . 
az) = {\, 2) V ^;b^^#:(ci5(t^M^?Pfi:i^th^ 

^1-„ ^ 1 8 ^iJJ:t>'^ 2 0 gl-eiiP ( s ) ^.019 lil:fci:.t>*0 2 
10 1 ^T?«A8 ^thSSr^L/cTo H 1 8 |iI45<fcl>'B 1 9 0©r ,=10 
0 0 0 t±> ^ 1 6 m^^lfW> 1 7 gl® r, = 1 0 0 0 0 Oft? 
*;^-Xl^T-S)'So ^1 80*5«1:1>'B1 9 @ti:i3V^■rBt»n^ cfc -9 {-X 

n ^^(Dh(D^tmt\^'Cn< o U*^Lnj:*^'t>. B 1 8 gI*J cfcr;^ 1 
15 9 iat?0 n = 0. -:?*Oa=l <7)#$t7 7 ^ :^;ut?^>, ^^^j:Pois 
son ^■^\Zi\.tts.-:>X\-^n.\>^, B 2 0 HI*; 2 1 Hl^gtrfe 

U J: -9 o ^20 S*5^t>'m 2 1 m<OT , = 1 0 0 0 0 H 1 8 gI43 

xxf^ 1 9 laor , = 0 tn—x^ 0 X a = 1 ^ ^ ^ }vmm. 

20 ti-»{i J: OPoisson !9•^(7)-en^i:^£-pH^T^f t> r, ^ 

^trti. Poisson ^)iD-\i:iliiaLT (.^-So ^>t>^^^2 OH*? 

^Xim2 \ m\^is\,-y^v y =0«. a = 2®mii£-7 7i7:5';K::43tt'i» 
»??i^2[^ti-«-e^ 0 . ^1 6gI*Ji:t>*mi 7ia®r. =0 

25 mA(DmMmm 

( 1 ) 7 17 5^ ;i-«?^#^©5^J?g 
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. m2(Dmmmmt^miz^ ^Mi^^ti^x^ (a, . ) = (o. 

2 ) ©^•a-{3*D;iT, (ai . az ) = (0 , 1). (ai.a?) 

5 =(1, 2) (Dm'^izmi^xm.^(DmM%^^^7'^fzo :L(Dj^mnm 
(2) m^y? ^ ^ }vmmi^±(Dmj-^. 

10 mv^Oa T„ 07c-e^^*&^;^ 

»'p = (2i,p,,2.p,23.p)6rn (60) 

%#;i'So fzfzL^ P = 0, 1, 2. - • n-e*^„ *S?;^rp 
15 {^»c}} = ^p,, (61) 

- \r -t- ^^^^ 



20 



I 0 



^ ^ 1 — i-v-pw) when |rp - r,| = 1 (gg) 
I 0 otherwise 



^Siffl-T'So ^cfcL. 0p., =-6,. p 

0 < Op.g < 2x (64) 
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■T^^^o fzfz\^^ m=0, 1, 2, • - •. n"Z?fe-So 
1 {c m: cfc ^ (c^tS-fk o * 0 . 



(65) 



(66) 



1.2, 




(67) 



0 



(68) 




(69) 




(70) 



r-^^o ^(D:^mm^ (the density of states) 
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1 



n+1 



n + 1 



(71) 



-e^m^n^ ^(DW.^ (the staircase function) 




(72) 



^-tf^E-r-So li^nfc staircase functionli. unfolding i: -9 ^fg 
5:ffll^^^I^ic^0. U T^I^Mmjg;^^*— ^{3 Jit J; ^ ^ ti 

mi&mm^mr^m^^p is) ^-c^z^tj^-^cDAz m§^m^ 

tf-^-r^o 0^SC.M ( (36)L. E.Reichl.The transition to chaos: in 
conservative classical systems: quantum manifestations (Springer, 
New York. 1992) (37) F. Haake, Quantum Signatures of chaos, (Spring 
er-Verlag, 1991)) {3^ ^ J; 9 {C. Ztl ibCDmfYMtm^^ ^ Z tX^ M. 

-^mii^^o^m^. miSLmmmammii^^ p (s) tA^ ^ft«iiPo 

isson ^^co h (D 



ttl<0^ ?^ltT<^«?*:^xm®ii-a-. GUE (Gaussian unitary e 
nsemble) 



Pp{s) = 
A3(n) = ^ 



(73) 



(74) 




(75) 
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^^^"^ " ^hs(2xn)+7-5j^O(n-») (76) 

z. z-^m^-r ^M'^y ^ ^7 )vmmmt. n = i o o o o ©^sn 

ilfiij: 0 f#^n/-c ^) O-efe^O-e, (lOM^I^.f^tin + 1 = 10 0 0 
1 l@©@W4;^M*^'*'So d^cf-e. »/S)bcMd> t> 5 0-1 #g J: 0 2 0 

0 i#@^T*cD. 1 5 0 i^mizmir^j^:^)iy^—m^m't i> tiz^ 

az ) = (0. 2) OSt«C-7 V ^ ^;u«jt#{3*>lj-^»^*i&^tf-^ 
^■r, 112 2IliT-liP (s) ^2 3|gIt?{iAa ^thS^^Lfc„ 

T , = 1 0 0 0 0 o^-a-. mMi.ta = 0 (Dmmy^ ^ ^ )i^tm—r-& 

0.77^ iJ^yl'iJ^CTU*^' 3 (D f ~ 2 . 9 1) {ciSv^OT^ 
:tX^thxm^n^ Z<Dt^^ Ml^m&.^sYltGUE^^(Dt(D 
tU-^ri^^o —15. vi =0cDj#'^, It^tJia = 2 0^1^77 ^ ^ 

0 > :7 ^ jud^jtjb^ 2 (0,-2. 16) {wi£i>OT% 
^{iRT^^^i Vxm^n^o -e LTr , ^^'O l O O O O ^JiiD 
Lxn< izUl^^ Poisson ^^ib^ G U E tm^ftl^X ^ , U 

±l5^JCi. a = 0 i: a = 2 (D^^-t ^ M-^yy ^ ^ }umM^X$>^ 
tzo — a= 1 iS^;H#3t#:{±7 ^ ^;b<^5£ (Dr ~ 

2 . 4 5) ^Jg-eS> 0. e:® a = 1 ^ ^;U?r:frt-r a = 0 

<o»?*^;?.^ i a = 2 (TJ^^^e^^i: ^OT^c cc: ti>x^^o ^2 4 
UliJ cfci;^ 250{i:(a,.a2) = (O, 1) OMt'^-^^ :7 ^;u;^ 
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a2 ) = (1, 2) (DM^yy :7 ^ }]ymmmz^i^;s,m'?'m&m^^ 

/Tn-To "tn^'ti^ m 2 4 gl^D J:t;^ 2 6 g|-eiiP ( s ) ^ 2 5 0 
r, =10000 (±s ^22 043J:l>*m 2 3 g|® r , = 1 0 0 0 0 t 

*J<fcZ>'l| 2 5 r, = 0. -Dt-Kf a = I C7)#$i57^ i7 ^;UT-i>, 

^^ncPoisson ^^{ctinj oTl^7i^v^„ $-C. ^2 6 2 7 

10 m^g^^D J: 9o B 2 6 Illi3j:t>*^ 2 7 glOr , = 1 0 0 0 0 

^24 0*5 J: t)^^ 2 5 gl© 77 , =0 tH— 0 . ce = 1 CD#^Sfe77 

fi^tifi[^tf-M{*^ OPoisson ^^(D^ti^ t^j&^i^r^f^ ^ n A^* 

Poisson ^^(Oi><D^tm75:VX\,>^o 
15 B 2 6 1143 j;t>*^ 2 7 HKzfclj-^ r , = 0 ti. a = 2 (D^^y ^ ^ 

m*^t>Poisson ^^iz^ ^M^j^^n^oSm^M^^^com^tlzMf^^i^ 

25 m 5 (ommj^m 



3 1 
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( 1 ) -7 7 ^ j\.mmi^(Dmm. 

i^m^i^tLXit^ r. = 5000. V 2 =1000 O^g^L. a 

/•Co 

t;i^-e^ Dielectric breakdown model iz ^ ^hMi^^y ^ ^ ^ jl^i^j^ 

3ti^(34)) o m2 smt^i^^t^^^diz^ a(Dmi}aizm>. d, itm 
Df < 2 . 3 ybm^n^. 

( 1 ) ■^*^m^titzm.^y^c^^}m'Mw±izm^^^^mi-^. 

= (»JJ.^ »2j., «3j,) e r„ (77) 

^#;t'l.o fcff P = l. 2. •••^n+l T*^^„ 

H^tY, ^iAyoi^ + E «i.t«ya (79) 
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A p. , tux 



when jrp - r,| = 1 (gg) 
otherwise 



(81) 



W = ct^^>+c»>c,> (32) 
Jj» = ct^^>-^t^c,> (83) 

A/r = ^t^Q^-q>cJ^ (85) 



(A; B)^- dT{TrA{j)B)e^^ (86) 
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4^A(T) = [^,i] (88) 



15 



20 



U.J . 



10 ' iuf, 



Tbrn^^n^o Gros{cti^i^J^T®ia<tt5:#At-'l. ( (35) C. Gros, P 

hys. Rev. 650,7295(1994)) o p i?-^ h j i^>r h ©Si£^-9--r 

(^^; c}^> ^M^y' ^1^) (90) 

(ia;„-i*r,>)C?,> = l + ^(4-c,>;c}^) (91) 



r,> = 2j.'^p^^f^ (92) 



25 ^#AbfCo t#^nfc^^jp<tcti. (4--c,>;4^) ^P^'i>i^^M*^' 
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p 

p 

<jpj.-ac,>; -» -iGp.-.(4-c,>; (94) 
(4-^^^; cL) - iGpA^i.-aCj-y, ct^> (95) 

- «'r,>) gi. = 1 -H ^ _ (96) 

5 = 0. 0 0 0 1 ^ ^(C-f-So 

J^Tofh^tciJV^Tti. t = 1 > U= 7 ^-P^-r^o Mt^7 7 ^ ^ 
<7) R *5 it ^FB?6<]^<fc ^ ^ L < l^tFf -r -5 /i i6 . "7 ^ ;u ^ 



(97) 
-*a>+ i 5 a: 

(98) 
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t>©{e§^;6^'^ ;6^ r + d r ©^:gj^OM^$rU, (r) tm^\'t<D 
7C©m^M, (r) tm< ^tiz-t^, ^(Dt^.^ D... (r) ^i^ 



^'^''^^''^ inpi S ^i(o) (100) 



B29lil(3, =2 tVXa, = 0.0. 2, 0. 4, 0. 6, 
1 t\.fzi%^<DU, (r) ^^-To ^3 0l^{z. ae = 1 ^LTa. 
= 0.0. 2. 0.4. 0.6 L^^^tDM. ( r ) ^TTs-to m 3 

15 lEi{3. a2=0, 6 tLXai = 0. 0. 2. 0. 4 t Lfciii^OD 
Ms ( r ) ^r^-To *fc. m32 0{c, az = 2tbTa, = 0. 0. 
2- 0. 4. 0. 6, 1 <b Lfc^-a-G)D.ve (r) <£-^t-„ 0 3 3 HI 
iZ^ = 1 tLX a I = 0 , 0. 2. 0. 4, 0. 6 t Lfc^^O 
D.v. ( r ) ^^"To m34|il{z, az = 0. 6^UTa, = 0. 0. 

20 2 . 0. 4 ti^tzm^a^D... (r)^^.'to 

113 2 smisxv^ms 4m^<o. r;6^'/^$^,^^i^, -^t o 

C t*N'53^;6>'5o r©JiJDt-#oT, Dave ( r ) it 

25 ^j:^limjgO^<k;6n#t>n^fcJ6ic:ii. I^^^:LTa , < 0. 4 g^g. 
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m 6 (pmmmm 

( 1 ) ^.^^7^ ^ )m^i^o:>m^ 

m^^i^t UTti, r, = 5000. r2 =10000 a , 

<a2 ^mtz-tm^ta (a, . a2 ) {ilK L•rfie«©ig^^ii|ll^^^To 

(2) M'^y "7 ^ ^ jmmi^x-o^^m'^m^ 



rp = («i.P>«2j»«3j,) € 2; 



n 



(101) 



(102) 




(103) 
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^=Ee-^^" (104) 

{Sp) 

M = ;^i:(Sp) (105) 

/c:;t*L. m^^m <Sp > 

{s,} 

Sp = 1 or - 1 (207) 

$-«Au<fc-9o psa^^if-f h(^g^?^<[:^iUp tm<o z(D^x*it 

'Pp'=H'^PAf*9 (108) 



n 

^^P^-^J^p'^py (109) 
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Mp = t^HfiMp) (110) 

■ . 1 « (111) 

msemi^. a. =o. ztm^L. az ^mt^-^tzm-^cD^m 

fiSfb^^-To CCT^ a, = 0. 2 tlt^ a=0. 2 0#.|i6-7 ^ ^ 

msimi^. ai =0. A tm^l^. az ^^{t^-arZ-cj^^Og^ 
a-fk^^-To c:c:t% a 2 = 0. 4 ttt. a = 0. 4 ^^1^7 -7 

?^<t:tit'<. a 2 oymmi^i^^^. m.'^-7 "7 ^ ^ }vmm.w^m(D^nfz 
B^mit^tmti.x\.^^„ z.(Dm^^ az ^ \u^xnmti.^m.M 
ittm<^tix\.^^o 



3 9 



wo 01/91201 



PCT/JPOl/04252 



10 at (Dm^piz^^'^. K'^yy ^ ^ }vmmi^^^(Dmnfz^^m^t^ t 

^4 0 miz. az = 0 . 6 tm^V. a , ^^t^ "^tzM^cDl^m 
mit'^Tjk-t. ZZX^ a I = 0. 6 tlt^ a = 0. 6 (D^^y ^ ^ ^ 

m<ttit-<. az m-^-y ^ i7 ^ )]ymm.w^m(D^ntz 

t- ^ § . 7 ^ :7 }vm'Mmz *5 It ^ iS<bfflii«j|tiii:6^ <s n 

W. 7 o^mMBM 
25 (1) Mt^7 ^ i7 ;b^5t#£D?f^^ 

4 0 
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1 <omt^f^miz^:hM.^y^ ^ ^jumm^o^mm.yj^tmm'e^^Tb^^ 

^m^i^tVri,t. T, = 5000. Tz =10000 ^m^v^ a I 
tLX^ 0.0.2.0.4,0.6,1. 2 ^fflt^Tfi£:gOitMII 

5 m^n-^fzo 

( 2 ) ^ ^ ^ ji^mmi$.±<om^m 
m 3 (D^mmmcD^ (44) ~ (59) u/^ ^> © t mmtii:^^iz j; 0 . 

10 znx-mm-t^^^y^ ^ ^ ji^mmmt^ n=iooooo^:Sii 

1^(3 J; y) % htlfz ii <DX ^ ^ (DX ^ dODM^^tCiin +1 = 10 0 0 
1 Mo^W^^Md^^fe-Bo iioif'-e. 5 0 1 #@ J: 0 2 0 

0 1#@*-^®. 1 5 0 \^m\zmir^=^^)\^^-m^m.^hiL\z^ 

J^T(7)*^ii&^tta<&tf^L/io ^4 1 |1I*JJ:1>*^4 2 gitc (a, . 
15 a2) = (0. x).x = 0, 0. 2, 0. 4, 0. 6, 1. 2^L 

mxiiP (s) 114 20-e«A3 j^tf-M^lr^ L/£„ a2 =0©^ 
-^^ m?it*a = 0cD#J^7 7::'^;bi:|WI— T»^0. 7 7 ^7 ^ ;i.^^7c*^* 
3 (Df ~2. 9 1) (z:i£vN®-e, mi^tm^HJ :t t l^xm^Mo o 
20 «?^2itt^r^{iG O E O t j^c o Tl>^o az >6^*ii 

Poisson ^^^^ifi-oHNT^T< o L *^ L b . az =2^T*i!j^L 
T^>> tfcPoisson t> li;^ ^oT l> -S, 

^430 {3 (a,. a2) = (0. 2, x).x=0. 2, 0. 4, 
25 0. 6, 1 . 2 tL.tzt^CDM.^y'p ^ ^ JVmm.^lzi3l:3r^A2 mm- 



4 1 
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mm^tm-X'$>f). LT*g^^-^-r(,N^„ az 

^f#. Poisson ^^-^t^'D*\,^xn<o mA 4gl(z, (a. . az ) 
= (0.4,x).x = 0.4.0. 6. I , 2 t i.tzt^(DM^y 
"7 ^ ^JVmmmz^lf^A, mtS^/XN-To az = 0. 4®^-^. ^ 

^ft> Poisson ^^^ii^j5:'^K^xn<(Ol,tmUx*^^„ 

0. 2. 0. 4. 0. 6. 1. 2 tLtzt^oym^y"? ^ ^ )VmM^ 

iz^\,jr^m.^m<iLm%jr^^i-o ma ^mxitp cs) B4 eni-e 

iiAs ^itaSr^LfCo a, = 0 CD^-^ti, ^ 4 1 111*5 j; r>*^ 4 2 HI 
<^a2 = 2 e$>^„ a . = 2 ^^i{ia= 2 

^^5^>'L'^^#^|W|— T-feO. '7^^:5';l/i)^7c;6^'2 (Df~2. 16) 

i^&^H-liPoisson ii^^(D^M^ i^Mtlxn ^ . G O Ej;^^<D^tL^ 

MA imiz^ (a i , az ) = (x, l).x = 0. 0.2,0. 
4. 0. 6. I tUtzt^com^y^^ ^r)m'Mmzi3if;i>A, mnf 
*<^^s^„ MA Smiz^ (ai.a2) = (x. 0.6).x = 0. 
0. 2. 0.. 4, 0. 6 iLfciitoMt'f77^^iJ^;i^«3t#{;:^^tt^ 

Aa mnm^^.-r^ «, ©^^i>ti:^>{3M?2ifi:j^tf-(iPoisson ^^hj 

iil±(Dmm^^^mmizmmt^fzib^ Berry-Robnik/N-7p« O 
^fUffl-r-S ( (38) M.V. Berry and M.Robnik. J.Phys.A(Math.Gen.)17, 2 
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413. (1984)) o i-r. P = l-p tLtzt^^ 
P2(s. P) = A--erf( + ^2pp + l££ j e-''— ^^/- (1 12) 

eri{x) = ~ r dr e--^ (113) 

^m\>^tZo ^(DmWiPz (s. io) {i> iO = 1 co^Poisson P 
10 (s) i— /) = 0©^GOE^^©P (s) ^— ifcf'So 

0. * 0 1 ^t^'fk^-^'Sc: »^ ^ "Tja^m 

i T-cD«?lifi[^ti-^l^if'r'i.:i ^A^*-e#^„ Be^^y-Robnik/^• 
iffiitf-^{i:a:^Tf#t>n/iP (s) J:f2P2 (s, 

m4 g^td, M4^7^ ^ ^;l.S3t#{c:*Jtt'SBerry-Robnik/N°7p« — 

^iO$r:^-ro (a. . ckz ) = (x, 2) tli, az =2<^@^bT 

20 (a , . a 2 ) = ( 0 , x) iiti. a 1 =0?rg^bTa2 ^r^Hbt^i 
l)^oT^{b$^^-fci#'^OBe^^y-Robnik/^°7p« -^-^fe-So ^4 9 0;6^ 
^>0<9t>*^?^j: J; -9 (a, . a 2 ) ^m^(^m^m^-t ^ ^ tx-^ M 
^ * X m t> Rl^^m * T% ^ -5 il ;6^* # -5 

4 3 
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&.±mmLtzj^^iz^ :L(Dmmi^<i:nt,t^ y^^^ji^m^oymm^ 

ii 7 ^ ^ ^ T ^ii -r ^ # ^ t^j: ;tf fe^ (^) tt« ^ -r 
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m m m 

10 3. yy ^ ^ }]ymmi^'^mz^ib^±mmm(Dm^<Di;^m<Ditm^m 

20 c i: -sm^oiiH I mmcoy y C7 ^ jummi^o 

25 l^^'S 
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